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(54) METHOD FOR THE EXPRESSION OF FOREIGN GENES AND VECTORS THEREFOR 

(57) A method for expressing a foreign gene, by 
which the foreign genes can be expressed more 
strongly than by the conventional methods, as well as a 
recombinant vector therefor, Is disclosed. In the method 
for expressing a foreign gene according to the present 
invention, the foreign gene is inserted into a site down- 
stream of a promoter and the foreign gene is expressed 
In a cell, wherein a plurality of intron-originated DNA 
fragments which are the same or different and are capa- 
ble of promoting expression of foreign genes are 
inserted into one or more sites upstream of said foreign 
gene, and said foreign gene is expressed. 
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DescriptI n 

TECHNICAL FIELD 

5 The present invention relates to a method for expressing a foreign gene and a vector therefor. More particularly, the 
present invention relates to a method for expressing a foreign gene in genetic engineering processes, by which expres- 
sion of the foreign gene is more strongly promoted than the conventional methods, and to a vector therefor. 

BACKGROUND ART 

10 

Promotion of expression of foreign genes is one of the most required techniques in genetic engineering processes, 
especially when the genetic engineering processes are applied to plants. 

As one of such methods, it is known to insert an intron-originated DNA fragment into a site upstream of the foreign 
gene. For example. Japanese Laid-open Patent Application (Kokai) No. 3-103182 discloses that expression of a foreign 
IS gene is promoted by inserting an intron-originated DNA fragment of castor-oil plant catalase gene (CAT-1) into a site 
upstream of the foreign gene, and expressing the foreign gene. Similar phenomena have been reported for various 
intron-originated DNA fragments. 

Although introns have been utilized for the purpose of promoting expression of foreign genes, use of a plurality of 
introns is not popular, and advantageous effect thereof has not been recognized. For example, although the first irtron 
20 and the 6th intron of maize alcohol dehydrogenase gene individually promote gene expression, if these introns are 
ligated, the effect is less than in the case where the 6th intron alone is used (Mascarenhas et al. Plant MoL Biol.. 15, 
91 3-920(1 990)). Similarly, in cases where two maize actin third introns are ligated, the effect is less than the case where 
only one intron is used (Luehrsen et al., Mol. Gen. Genet. 225. 81-93 (1991)). 

Although the known methods in which an intron-originated DNA fragment is inserted are effective, the expression- 
's promoting effects are often insufficient. Thus, a method by which gene expression is more strongly promoted is desired. 

DISCLOSURE OF THE INVENTIQN 

Accordingly, an object of the present invention is to provide a method for expressing foreign genes by which the fbr- 
30 eign genes are more strongly expressed than by the known methods, and to provide recombinant vectors therefor. 

The present inventors intensively studied to discover that expression of foreign genes is much more promoted by 
inserting into one or more sites upstream of the foreign gene a plurality of intron-originated DNA fragments which are 
the same or different and are capable of pronwting expression of foreign genes when inserted into a site upstream of 
the foreign gene, than in the known methods in which a single Intron-originated DNA fragment is inserted, thereby com- 
35 pleting the present invention. 

That is, the present invention provides a metiiod for expressing a foreign gene comprising inserting said foreign 
gene into a site downstream of a promoter and expressing said foreign gene in a cell, characterized in that a plurality 
of intron-originated DNA fragments which are the same or different and are capable of promoting expression of foreign 
genes are inserted into one or more sites upstream of said foreign gene and said foreign gene is expressed. 
40 The present invention also provides a recombinant vector conprising a promoter, a foreign gene inserted into a site 
downstream of said promoter, and a plurality of intron-originated DNA fragments which are the same or different and 
are capable of promoting expression of foreign genes, which are inserted into one or more sites upstream of said for- 
eign gene. 

The present inventors discovered that even if a single intron sequence of maize ubiquitin gene, which has a nucle- 
us otide sequence shown in SEQ ID N0:3 in the SEQUENCE LISTING, is inserted into a site upstream of a foreign gene, 
expression of the foreign gene is promoted, thereby completing the second invention of the present application. 

That is. the present invention also provKles a method for expressing a foreign gene comprising inserting said for- 
eign gene into a site downstream of a promoter, and expressing said foreign gene in a cell, characterized in that the 
sequence shown in SEQ ID NO: 3 in the SEQUENCE LISTING or a functional variant thereof is inserted into a site 
50 upstream of said foreign gene and said foreign gene is expressed. 

By the present invention, methods for expressing foreign genes by which expression of the foreign genes are much 
more strongly promoted than in the known methods, as well as recombinant vectors therefor, were provided. By the 
present invention, since expression of fbr^gn genes introduced by genetic engineering processes is promoted, it is 
expected that the present invention will greatly contribute to the field of genetic engineering. 

55 

BEST MODE FOR CARRYING OUT THE INVENTION 

The method of th present invention is characterized by inserting two or more intron-originated DNA fragments 
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capable of promoting expression of foreign genes into one or niore sites upstream of a foreign gene to be expressed, 
so as to promote expression of ttie foreign gene. 

Here, the term "intron-originated DNA fragment having an effect to promote expression of foreign genes" means a 
DNA fragment originated from an intron, which is capable of promoting expression of foreign genes to a detectable 

5 degree when compared with the case wherein ttie foreign gene is expressed without inserting the intron-originated DNA 
fragment. Various such intron-criginated DNA fragments per se are known. Examples of such intron-originated DNA 
fragments include the first intron of catalase gene (CAT-1) of castor-oil plant (Japanese Laid-open Patent Application 
(Kokai) No. 3-103182; Tanaka et al. Nucleic Acids Res. 18, 6767-6770(1990)); the intron of maize UDP-glucose^lavo- 
nol glycosyltransferase (Callis et ai., Genes & Develop. 1 , 1 183-1200 (1987)); the first intron of maize alcohol dehydro- 

10 genase-1 (Callis et al., Genes & Develop. 1, 1183-1200 (1987)); the second and the sixth intron of maize alcohol 
dehydrogenase-1 (Mascarenhas et al.. Plant Mol. Biol. 15. 913-920(1990)); the first intron of maize shrunken-1 (Vasil 
et al., Plant Physiol. 91, 1575-1579(1989)); the first intron of translation elongation factor EF-1a of Arabidopsis 
thaliana): and the first intron of rice actin (McElroy et al. Plant Cell 2. 163-171 (1990)). It should be noted, however, the 
intron-originated DNA fragments which may be employed in the present invention are not restricted tiiereto and any 

15 intron-originated DNA fragments which can promote expression of foreign genes downstream thereof may be 
employed. 

The present inventors previously discovered introns of rice PLD gene by comparing the nucleotide sequences of 
the cDNA and the genomic DNA of rice phospholipase D (PLD) gene, discovered that one of these introns prominently 
promotes expression of genes downstream thereof, and filed a patent application directed thereto (PCT/JP96A)0812). 

20 The nucleotide sequence of this intron is shown in SEQ ID N0:1 in the SEQUENCE LISTING. In the present invention, 
this irrtron-originated DNA fragment shown in SEQ ID N0:1 may be employed. Further, the intron sequence of castor- 
oil plant catalase gene, shown in SEQ ID N02 in the SEQUENCE LISTING and the infron sequence shown in maize 
ubiquitin gene, which has a nucleotide sequence shown in SEQ ID N0:3, may also preferably be employed. 

It is well-known in the art that there are cases wherein the physiological activity of a physiologically active DNA 

25 sequence is retained even if one or wore nucleotides are added, inserted, deleted or substituted. In the present inven- 
tion. DNA fragments resulting from such a modification of the above-described known intron-originated DNA fragments 
or the sequence shown in SEQ ID N0:1, which promote expression of the gene downstream thereof, are included in 
the term "intron-originated DNA fragments" as used herein. That is, DNA fragments which have the same nucleotide 
sequences as the abovennentioned known intron-originated DNA fragments or the intron-originated DNA fragment 

30 having the nucleotide sequence shown in SEQ ID N0:1 except that one or more nucleotides are added, deleted or sub- 
stituted, which promote expression of a gene downstream thereof are also included in the "imron-originated DNA frag- 
ments" in the present invention. Here, such a modified intron-originated DNA fragment preferably has a homology of 
not less than 70%, more preferably not less than 90% to the original intron-originated DNA fragment. Similarly, the term 
"functional variant" recited in the claims means the DNA fragment which has the same nucleotide sequence as the orig- 

35 inal sequence except that one or more nucleotides are added, deleted or substituted, which promotes expression of a 
gene downstream thereof, and which preferably has a homology of not less than 70%. more preferat)ty not less than 
90% to the original sequence. F=dr example, the term 'functional variant of the sequence shown in SEQ ID N0:1 " means 
the DNA fragment having the same nucleotide sequence as shown in SEQ ID N0:1 except that one or nDore nucleotides 
are added, deleted or substituted, which pronK>tes expression of a gene downstream thereof, and which preferably has 

40 a homology of not less than 70%, more preferably not less than 90% to the original sequence. 

Each of the above-desaibed DNA fragments may easily be prepared by the conventional PCR method since the 
nucleotide sequence and the original source thereof are known. Further, those having sizes of not longer than about 
200 bp may be chemiceilly synthesized. The above-mentioned rrvxjified intron-originated DNA fragments may easily be 
prepared by the site-specific mutagenesis method or by chemical synthesis. 

45 In the method of the present invention, a plurality of the above-mentioned intron-originated DNA fragments are 
inserted into one or more upstream sites of the foreign gene to be expressed, tiiat is, one or more upstream sites of the 
transcription region, more preferably into the 5'-end of the transcription region. The intTon-originated DNA fragments 
may preferably be inserted between the promoter and the foreign gene. The intron-originated DNA fragments may be 
inserted into a site immediately upstream of the foreign gene to be expressed, or another sequence may exist between 

so the infon-originated DNA fragments and the foreign gene. The length of this intervening sequence is not restricted and 
usually 0 to 1000 bp. The promoter and the intron-originated DNA fragments may be directed connected oc another 
sequence may exist therebetween. The length of this intervening sequence is not resfaicted and usually 0 to 1000 bp. 

In the method of the present invention, a plurality of, preferably 2 to 5. more preferably 2 or 3 of the above-described 
intron-aiginated DNA fragments are inserted. The intron-originated DNA fragments to be inserted may have the same 

55 or different nucleotide sequence. The plurality of the intron-originated DNA fragments may be directiy connected or 
another sequence may exist therebetween. The length of this intervening sequence is not restricted and usually 0 to 
1000 bp. 

As the promoter, any pronrioter which can express the foreign gene located downstream thereof may be mployed. 
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A preferred example of the promoter is the 35S promoter, although the promoter is not restricted thereto. 

The present invention also provides a recombinant vector to which the above-described method of the present 
invention is applied. That is. the present invention provides a recombinant vector comprising a promoter, a foreign gene 
inserted into'a site downstream of the promoter, and a plurality of intron-originated DNA fragments which are the same 

5 or different and are capable of promoting expression of foreign genes, which are inserted into one or more sites 
upstream of the foreign gene. Such a vector may be obtained by inserting the above-described plurality of intron-origi- 
nated DNA fragments and the foreign gene into an appropriate expression vector. The insertion nr^ay easily be carried 
out by using appropriate restriction enzymes and, if necessary, linkers because the nucleotide sequence of the cloning 
site of the expression vector is known. 

10 Various such expression vectors are known in the art and are commercially availat)le. These expression vectors 
comprise at least a replication origin for replication in the host cell, a pronr)oter, a cloning site giving restriction sites for 
inserting a foreign gene and a selection marker such as a drug resistance marker. They usually comprise a terminator 
for stably terminating transcription and an SD sequence in cases where the host cell is a bacterial cell. In the method 
of the present invention, any of these known expression vectors may be employed. 

IS The present inventors discovered that even if a single intron sequence of maize ubiqurtin gene, which has a nucle- 
otide sequence shown in SEQ ID N0:3 in the SEQUENCE LISTING, is inserted in a foreign gene, expression of the 
foreign gene is promoted. Thus, the cases wh^e only a single sequence shown in SEQ ID N0:3 or a functional variant 
thereof is inserted in place of the above-described plurality of Intron-originated DNA fragments are also included in the 
scope of the present invention. However, even in cases where the sequence shown in SEQ ID N0:3 is employed, the 

20 effect is higher when a plurality of the sequences are inserted, and the effect is especially high when the sequence 
shown in SEQ ID N0:3 is inserted together with the intron sequence of rice PLD gene, shown in SEQ ID N0:1 . 

Examples 

25 The invention will now be described more concretely by way of examples thereof. It should be noted, however, the 
present invention is not restricted to the following examples. 

Example 1 

30 In tiie rice PLD gene, a first intron with a size of 1 73 bp exists at the region con^esponding to the 5'-end non-coding 
region of the mRNA (SEQ ID NO: 1, WO 95/09234). The intron was checked for its influence on gene expression in 
plant cells. Primers of 20mer {5*-TCACCACCCGlGTAAGCCCAG-3\ 3-CGCGCGCGTCCATCCCGCTC-5*). each of 
which contains a region of 10 nucleotides originated from an exon, were syntiiesized and PGR was performed using 
rice genomic done as a template. The PGR was performed using a mixture of 50 pmol each of the primers. 200 pM of 

35 dATP. dCTP, dGTP and dTTP. 1 x PGR buffer (commercially available from TAKARA SHU20) and 2.5 U of AmpliTaq 
DNA polymerase (TAKARA SHUZO). the total volume of the reaction mixture being 50 jil. The reaction was earned out 
according to the following thermal conditions and the cycle was repeated 30 times. That is, in a DNA THERMOGYGLER 
(commercially available from PARKIN ELMER GETUS), 94*»C for 1 minute. 40**G for 1 minute and 72^C for 2 ntinutes 
and 30 seconds. 

40 The PGR product was subcloned into PGR II vector (commercially available from INVITROGEN) and a fragment 
was cut out with EcoRI. The fragment was blunted, and inserted into the Sma\ site of pBI221 (a vector plasmid in which 
a ^-glucuronidase gene (hereinafter referred to as "GUS") Is inserted into a site downstream of a 35S promoter (here- 
inafter referred to as "35S proD commerdafly available from TOYOBO CO.. LTD. to obtain a vector pBI221 P (35S pro, 
PLD intron, GUS). This plasmid was digested with BamHI and the resulting fragments were blunted, followed by incor- 

45 poration of the above-desaibed fragment to construct a vector pBI221 PP (35S pro. PLD intron x 2. GUS). 

The plG221 (having the intron (SEQ ID N0:2) of catalase gene of castor-oil plant and GUS in the order mentioned, 
at a downstream region of 35S pro) described in Japanese Laid-open Patent Application (Kbkai) No. 3-103182 was 
digested with Xba\ and tiie resulting fragments were blunted, followed by insertion of the above-desatbed PLD intron 
sequence to construct a vector plG221 P (35S pro. PLD intron. Catalase intron. GUS). 

so Rice cultured cells were prepared from immature embryo of Japonica rice variety Nihonbare (Hiei et al.. The Plant 
Journal. 6. 271-282 (1994)). the above-described gene was introduced into the cells according to a reported method 
(Shimamoto et al. Nature. 338. 274-276 (1989)) and tiie p-glucuronidase activities (GUS) were measured. The results 
are shown in Table 1 . 

As shown in Table 1 , by introdudng two same or different introns. the GUS activity was prominentiy increased when 
ss compared with the cases where a single intron was used. Also it was proved that the DNA fragment having the nude- 
otide sequence of the PLD intron is the DNA fragment giving the gene expression-pronxrting effect when two or more 
of the DNA fragments are used. 
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Table 1 


Plasmid 


GUS Activity 


None 


7.2 


pBI221 (35SpraGUS) 


14 


PBI221P (35S pro. PLD intron, GUS) 


180 


pBI221 PR (35S pro. PLD intron x 2, GUS) 


430 


p[G221 (35S pro, Catalase intron. GUS) 


160 


plG221P (35S pro. PLD intron. Catalase intron, GUS) 


680 



Sample ? 

The intron of niaize ubiquitin gene {Ubi-1:Christensen A.H. et ai. Plant Moi. Biol. 18, 675-639 (1382)) was also 
checked for the effect for promoting expression of foreign genes. Two tdnds of vectors were used. 

First, a vector for examining the effect of the intron when a single intron is inserted was constructed by the following 
method. That is, the region of the promoter and the intron of the ubiquitin gene was cut out with Pst\ and the obtained 
fragment (SEQ ID N0:3) was inserted into the Pst\ site of pUC18 vector. The intron region was cut out with Bglll and 
BamH\ and the obtained fragment was inserted into the BamH\ site of pB122l vector to obtain a vector pBI221U (35S 
pro. Ubiquitin intron, GUS). 

Next a vector for examining the effect of the intron when a plurality of introns are inserted was constructed by the 
following method. That is, the intron region was cut out with BglW and BamHl and the obtained fragment was blunted, 
followed by insertion of the resulting fragment to the Sma\ site of the pBI221 vector. The Sam HI site of this vector was 
blunted and the above-dQScribed PLD intron was inserted thereinto to obtain a vector pBI221 PU (35S pro. PLD intron. 
Ubiquitin intron, GUS). The vectors were introduced into the protoplasts by the above-mentioned method and the GUS 
activities were measured. 

As shown in Table 2. pronrK}tion of GUS expression was observed when a single ubiquitin intron was used. A 
stronger promotion effect was observed by employing both the PLD intron and the ubiquitin intron, than in cases where 
each of the introns was used individually 



Table 2 



Plasmid 


GUS Activity (pmol 




MU/min./mg protein) 


None 


3.3 


pBI221 (35Spro, GUS) 


13 


pB1221{35S pro. PLD intron. GUS) 


100 


p6l221 (35S pro. Ubiquitin intron, GUS) 


360 


pB1221 (35S pro, PLD intron, Ubiquitin intron, GUS) 


780 
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SEQUENCE LISTING 
SEQ ID N0:1 

5 

SEQUENCE LENGTH: 173 

SEQUENCE TYPE: nucleic acid 
10 MOLECULE TYPE: Genomic DNA 

ORIGINAL SOURCE 
ORGANISM: Oryza sativa 

TOPOLOGY; linear 

STRt^DEDNESS: double 
^ SEQUENCE DESCRIPTION 

GTAAGCCCAG TGTGCTTAGG CTAAGCGCAC TAGAGCHCT TGCTCGCHG CnCTTCTCC 60 

6CTCA6ATCT GCTTGCTTGC TTGCnCGCT AGAACCCTAC TCTGT6CT6C 6AGTGTC6CT 120 
^ GCTTCGTCTT CCnCCTCAA GHCGATCTG AHGTGTGTG TGGG6GG60G CAG 173 

SEQ ID NO: 2 

30 

SEQUENCE LENGTH: 217 
SEQUENCE TYPE: nucleic acid 

35 MOLECULE TYPE: Genomic DNA 

ORIGINAL SOURCE 

ORGANISM: castor-oil plant 

^ TOPOLOGY: linear 

STRNDEDNESS: double 

^ SEQUENCE DESCRIPTION 

ACATGGATCC CTAOAGGGTA AATTTCTAGT TTTTCTCCTT CAmTCnG GTTAG6ACCC 60 
TTTTCTCm TTATTTTTTT GAGCTTTGAT OmCTTTAA ACTGATCTAT TmTAAnG 120 
ATTGGTTATG GTGTAAATAT TACATAGCTT TAACTGATAA TCTGAmOT nATTTOGTG 180 
TGTCTAT6AT GATGAT6ATA GHACAGAAC CGTCGAC 217 
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SEQUENCE LISTING 
SEQ ID N0:1 
SEQUENCE LENGTH: 173 
SEQUENCE TYPE: nucleic acid 
MOLECULE TYPE: Genomic DNA 
ORIGINAL SOURCE 

ORGANISM: Oryza sativa 
TOPOLOGY: linear 
STRNDEDNESS: double 
SEQUENCE DESCRIPTION 

GTAA6CCCAG TGTGCTTAGG CTAAGCGCAC TAGAGCnCT TGCTCGCHG CTTCnCTCC 60 
GCTCAGATCT GCTTGCHGC TTGCHCGCT AGAACCCTAC TCTGT6CTGC GAGTGTCGCT 120 
GCnCGTGTT CCTTCCTGAA GTTCGATCTG ATT6TGTGTG TGGG6GGGC6 GAG 173 

SEQ ID NO: 2 
SEQUENCE LENGTH: 217 
SEQUENCE TYPE: nucleic acid 
MOLECULE TYPE: Genomic DNA 
ORIGINAL SOURCE 

ORGANISM: castor-oil plant 
TOPOLOGY: linear 
STRNDEDNESS: double 
SEQUENCE DESCRIPTION 

ACATGGATCC CTACAG6GTA AATTTCTAGT TTTTCTCOTT CAniTCTTG GTTA6GACCC 60 
TTTTCTCTn nAHTTTTT GAGCTHGAT CnTCTTTAA ACTGATCTAT TTTTTAAnG 120 
ATTGGTTATG GTGTAAATAT TACATAGCTT TAACTGATAA TCTGATTACT nATnCGTG 180 
TGTCTATGAT 6ATGATGATA GTTACAGAAC CGTCGAG 217 
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SEQ ID NO: 3 
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SEQUENCE 


LENGTH: 1010 










SEQUENCE TYPE: nucleic acid 










MOLECULE 


TYPE: Genomic DNA 
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ORIGINAL 


SOURCE 










ORGANISM: maize 








15 


TOPOLOGY: 


linear 










STRNDEDNESS: double 










SEQUENCE 


DESCRIPTION 








20 


GTACGCCGCT 


CGTCCTCCCC CCCGGCCGGT CTCTACCTTC 


TCTAGATC6G 


CGnCCGGTC 


60 




CATGGTTAGG 


GCGCGGTAGT TCTAGTTCT6 TTCAT6TTTG 


TGTTA6ATCC 


GTGmGTGT 


120 


25 


TAGATCC6TG 


CTGCTA6CGT TCGTA0AC6G ATGCGACCT6 


TACGTCAGAC 


ACGHCTGAT 


180 


T6CTAACTTG 


CCAGT6TTTC TCTTTGGGGA ATCCTGGGAT 


GGCTCTAGCC 


GTTCCGCAGA 


240 




C6GGATCGAT 


TTCATGATTT TTTTTGmC GnGCATAGG 


GnTGGTTTG 


CCCTTTTCCT 


300 


30 


TTATTTCAAT 


ATATGCCGT6 CAGTTGTTTG TCGGGTCATC 


TmCATGCT 


TTTnTTGTC 


360 




TTGGTTGT6A 


TGATGT6GTC TGGTT6GGC6 GTCGTTCTA6 


ATCGGAGTA6 


AATTCTGTTT 


420 




CAAACTACCT 


GGTG6ATTTA TTAAinTGG ATCT6TATGT 


GTGT6CCATA 


CATAHCATA 


480 


35 


GTTACGAATT 


GAAGATGATG GATGGAAATA TCGATCTAGG 


ATAGGTATAC 


ATGHGATGC 


540 




GGGHTTACT 


GAT6CATATA CAGAGAT6CT mTGTTCGC 


TTGGTTGT6A 


TGATGTGGTG 


600 


40 


T6GTTGGGC6 


GTCGnCAH CGnCTAGAT CGGAGTAGAA 


TACTGinCA 


AA0TACCT6G 


660 




T6TATTTATT 


AATniGGAA CTGTATGTGT 6TGTCATACA 


TCTTCATAQT 


TACGAGTTTA 


720 


45 


AGATGGATG6 


AAATATCGAT CTAGGATAGG TATACATGH 


GATGTGGGH 


nACTGATGC 


780 


ATATACATGA 


TGGCATATGC AGCATCTATT CATATGCTCT 


AAGCTT6AGT 


AOCTATCTAT 


840 




TATAATAAAC 


AAGTAT6TTT TATAATTATT HGATCTTGA 


TATACnGGA 


TGAT6GCATA 


900 


50 


TGCAGCAGCT 


ATAT6TGGAT TTTTTTAGCC CTGCCnCAT 


ACGCTArrTA 


TTTGCTTGGT 


960 




AGTGTTTCTT 


TTGTC6ATGC TCACCCTGTT GTTTGGTGTT 


ACnCTGCAG 




1010 



55 
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Claims 

1 . A method for expressing a foreign gene comprising inserting said foreign gene into a site downstream of a promoter 
and esqxessing said foreign gene in a cell, characterized in that a plurality of intron-originated DNA fragments which 
are the same or different and are capable of promoting expression of foreign genes are inserted into one or nrwre 
sites upstream of said foreign gene and said foreign gene is expressed. 

2. The method according to claim 1 , wherein said plurality of intron-orlginated DNA fragments are inserted into one 
or more sites between said promoter and said foreign gene. 

3. The method according to claim 1 or 2, wherein said cell is a plant cell. 

4. The method according to any one of claims 1 -3, wherein at least one of said plurality of intron-originated DNA frag- 
ments comprises the sequence shown in SEQ ID N0:1 in the SEQUENCE LISTING or a functional variant thereof. 

5. The method according to claim 4. wherein said plurality of intron-originated DNA fragments comprise two 
sequences shown in SEQ ID N0:1 in the SEQUENCE LISTING or a functional variant thereof. 

6. The method according to any one of claims 1 -4, wherein at least one of said plurality of intron-originated DNA frag- 
ments comprises the sequence shown in SEQ ID N02 in the SEQUENCE LISTING or a functional variant thereof. 

7. The method according to daim 6, wherein said plurality of intron-originated DNA fragments comprise the sequence 
shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID N0:2 or a functional 
variant thereof. 

8. The method according to any one of claints 1 -3, wherein at least one of said plurality of intron-originated DNA frag- 
ments comprises the sequence shown in SEQ ID N0:3 in the SEQUENCE LISTING or a functional variant thereof. 

9. The method according to daim 8, wherein said plurality of intron-originated DNA fragments comprise the sequence 
shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID NO:3 or a functional 
variant thereof. 

10. A recombinant vector comprising a promoter, a foreign gene inserted into a site downstream of said promoter, and 
a plurality of intron-originated DNA fragments which are the same or different and are capable of promoting expres- 
sion of foreign genes, which are inserted into one or more sites upstream of said foreign gene. 

11. The recorr^inant vector according to claim 10, wherein said plurality of intron-originated DNA fragments are 
inserted into one or more sites between said promoter and said foreign gene. 

12. The recombinant vector according to claim 10 or 11, which are replicable in a plant cell. 

1 3. The recombinant vector according to any one of daims 10 to 1 2, wherein at least one of said plurality of intron-orig- 
inated DNA fragments conrprises the sequence shown in SEQ ID N0:1 in the SEQUENCE LISTING or a functional 
variant thereof. 

14. The recombinant vector according to claim 13. wherein said plurality of intron-originated DNA fragments are two 
sequences shown in SEQ ID N0:1 in the SEQUENCE LISTING or a functional variant thereof. 

1 5. The recombinant vector according to any one of daims 10 to 1 2, wherein at least one of said plurality of intron-orig- 
inated DNA fragments comprises the sequence shown in SEQ ID N0:2 in the SEQUENCE LISTING or a functional 
variant thereof. 

1 6. The recombinant vector according to daim 15. wherein said plurality of intron-originated DNA fragments comprise 
the sequence shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID N0:2 or 
a functional variant thereof. 

1 7. The recombinant vector according to any ne of daims 1 0 to 1 2, wherein at least one of said plurality of intron-orig- 
inated DNA fragments comprises the sequence shown in SEQ ID N0:3 in the SEQUENCE LISTING or a functional 
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18. The recxxnbinant vector axording to claim 17, wherein said plurality of intron-ortginated DNA fragments conrprise 
the sequence shown in SEQ ID NO: 1 or a functional variant thereof and the sequence shown in SEQ ID N0:3 or 
a functional variant thereof. 

19. A method for expressing a foreign gene comprising inserting said foreign gene into a site downstream of a pro- 
moter, and expressing said foreign gene in a cell, characterized in that the sequence shown in SEQ ID NO: 3 in the 
SEQUENCE LISTING or a functional variant thereof is inserted into a site upstream of said foreign gene« and said 
foreign gene is expressed. 

20. The method according to claim 19, wherein the sequence shown in SEQ ID N0:3 in the SEQUENCE LISTING is 
inserted. 

21. The method according to claim 19 or 20, wherein the sequence shown in SEQ ID NO. 3 in the SEQUENCE LIST- 
ING or a functional variant thereof is inserted between said promoter and said foreign gene. 

22. The method according to any one of claims 19 to 21, wherein said cell is a plant cell. 
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